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Abbreviations. DCM (dichloromethane), TFA (trifluoroacetic acid), EtOAc (ethyl acetate), DMF (dimethyl 
formamide), DMSO (dimethyl sulfoxide), DIEA (N, N-diisopropylethyl amine), RT (room temperature). 

General Methods and Instrumentation. Flash chromatography was performed using a CombiFlash 
Companion system. 1H NMR spectra were acquired using a Joel 500 MHz spectrometer or a Varian 400 
MHz spectrometer. 13C NMR spectra were acquired using a Varian spectrometer operated at 100 MHz. 
Purity of the new compounds and degradation of the dendrimers was monitored by an Agilent 1200 
HPLC equipped with PDA and MSD detectors and a C18 column with 0.1 % formic acid/H2O and 0.1 % 
formic acid/acetonitrile as eluents at a flow rate of 0.4 mL/min. A Ti:Sapphire laser (Mai Tai HP, Spectra 
Physics) with ~100 fs pulse widths and 80 MHz repetition rate generated light for NIR irradiation.  For 
dendrimers’ degradation by NIR irradiation, 2.5 W (4 kW/cm2) of 740 nm light was focused into the 
solution using a EFL 33.0 mm lens.  The 50 μL quartz cells with 3 mm path length were used. The Amplex 
Red Glutamic Acid assay kit was purchased from Invitrogen and the analysis was performed according to 
the manufacturer’s protocol. The fluorescence spectra were acquired on FluoroLog-3 
spectrophotometer (JY Horiba, Inc.) 

For all dendrimers, the irradiation experiments followed by injection into HPLC and Amplex Red analysis 
were performed in triplicate to obtain standard deviation values.  

Compounds 1 and 3 were synthesized according to ref. 1. 

Compound 2. Glutamate hydrochloride (0.26 g, 1.23 mmol) was dissolved in 10 mL dry DMF and 0.42 mL 
of DIEA (2.4 mmol) was added dropwise. Compound 1 was added and reaction was heated to 50˚C and 
monitored by HPLC. After 2 hours the reaction mixture was cooled to RT and solvent was removed on 
rotary evaporator. The residue was dissolved in ethyl acetate (EtOAc) and the precipitate was filtered 
out. The solvent was removed on a rotary evaporator. The product was isolated by flash-
chromatography (silica gel, Hexane/EtOAc gradient). Yield: 0.28 g (53%). 
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1H NMR (500 MHz, CDCl3): δ = 7.65 (s, 1H), 7.15 (s, 1H), 6.37 (s, 1H), 5.80 (d, J=10 Hz, 1H), 5.31 (s, 2H), 
5.23 (s, 2H), 4.42 (m, 1H), 3.78 (s, 3H), 3.68 (s, 3H), 3.51 (s, 3H), 2.43 (m, 2H), 2.24 (m, 1H), 2.05 (m, 1H) 
ppm. 

13C NMR (100 MHz, CDCl3): δ = 173.12, 171.90, 160.13, 154.07, 148.57, 127.42, 112.38, 111.10, 108.48, 
103.98, 95.08, 61.64, 56.66, 53.52, 52.73, 51.94, 29.88, 27.25 ppm. 

HRMS: composition: C20H22BrNO10Na; mass measured: 538.0320; theor. mass: 538.0319; delta: 0.2 ppm. 

Purity by HPLC: 96.77% at 254 nm; 98.77% at 320 nm; 98.86% at 280 nm. 

G0. Compound 2 (0.1 g, 0.194 mmol) was dissolved in 2 mL of DCM/TFA (1/1) and stirred for 30 min. The 
solvents were removed on rotary evaporator. The residue was dissolved in 6 mL MeOH/H2O (5/1) and 
cooled to 0˚C. 10 M NaOH solution was added dropwise until the reaction mixture turned yellow. The 
reaction was allowed to warm to RT and the progress was monitored by HPLC (C-18 Zorbax column, 
H2O/can gradient). After completion, the reaction mixture was neutralized with 10 M HCl to pH 5. MeOH 
was removed on rotary evaporator and aqueous fraction was extracted with EtOAc and dried over 
Na2SO4. After removal of EtOAc the product was purified by flash-chromatorgaphy (C-18, H2O/MeOH 
gradient). Yield: 0.038 g (40%). 1H and 13C NMR matched with the data reported in ref. 2. 

HRMS: composition: C16H13NO9Br; mass measured: 441.9777; theor. mass: 441.9779; delta: 0.5 ppm. 

Compound 4. Compound 3 (2 g, 2.8 mmol) was dissolved in a mixure of 10 mL dry DMF anf 0.93 mL 
(6.72 mmol) Et3N at RT. A solution of glutamate hydrochloride (1.42 g, 6.72 mmol) in 5 mL dry DMF was 
added dropwise and the reaction mixture was placed in oil bath at 50˚C. The progress of reaction was 
followed by HPLC (C-18 Zorbax column, H2O/can gradient). After 3 hours the reaction mixture was 
cooled to RT and 20 mL EtOAc was added. The inorganic precipitate was filtered out. The solvents were 
removed on rotary evaporator. The product was isolated by flash-chromatography (silica gel, 
Hexane/EtOAc gradient). Yield: 1.8 g (85%).  

1H NMR (500 MHz, CDCl3): δ = 7.20 (s, 2H), 5.61 (m, 2H), 5.02 (s, 2H), 4.36 (t, J=5 Hz, 2H), 3.73 (s, 6H), 
3.65 (s, 6H), 3.6-3.45 (m, 4H), 3.14-2.90 (m, 6H), 2.50 (m, 4H), 2.40 (s, 3H), 2.23 (m, 2H), 2.01 (m, 2H), 
1.64 (m, 9H) ppm. 

13C NMR (100 MHz, CDCl3): δ = 173.19, 172.37, 155.92, 135.87, 131.06, 130.72, 129.33, 62.43, 53.39, 
52.64, 51.94, 47.33, 46.28, 35.53, 34.99, 30.04, 28.53, 27.67, 21.00 ppm. 

HRMS: composition: C35H52N4O16Na; mass measured: 807.3269; theor. mass: 807.3271; delta: 0.2 ppm. 

Purity by HPLC: 95.8% at 254nm; 95.5 at 280 nm. 

Compound 5. Compound 4 (0.35 g, 0.446 mmol) was stirred in 2 mL of DCM and TFA (1/1) mixture for 30 
min at RT. The solvents were removed on rotary evaporator, the residue was redissolved in 5 mL DMF 
and 2 mL of Et3N. Compound 1 (0.312 g, 0.670 mmol) was added and the reaction the mixture was 
stirred overnight at 50˚C. After completion of reaction the mixture was cooled to RT, diluted with EtOAc 
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and inorganic precipitate was filtered out. The solution was dried over Na2SO4. The solvents were 
removed on rotary evaporator. The product was isolated by flash-chromatography on silica gel with 
Hexane/EtOAc gradient. Yield: 0.306 g (63%). 

1H NMR (500 MHz, CDCl3): δ = 7.84 (s, 1H), 7.16 (m, 3H), 6.36 (s, 1H), 5.30 (m, 4H), 5.02 (s, 4H), 4.36 (t, 
J=5 Hz, 2H), 3.72 (s, 6H), 3.64 (s, 6H), 3.52 (s, 3H), 3.70-3.45 (m, 4H), 3.16-3.04 (m, 6H), 2.39 (m, 4H), 
2.32 (s, 3H), 2.04 (m, 2H), 1.85 (m, 2H) ppm. 

13C NMR (100 MHz, CDCl3): δ = 173.15, 172.39, 160.45, 154.18, 149.38, 145.33, 135.96, 135.84, 130.23, 
129.29, 129.20, 128.00, 112.69, 110.67, 108.52, 104.01, 95.24, 62.59, 62.33, 56.79, 53.37, 51.91, 46.78, 
35.06, 35.03, 34.41, 30.02, 27.62, 20.96 ppm. 

HRMS: composition: C43H53BrN4O20Na; mass measured: 1047.2331; theor. mass: 1047.2329; delta: 0.2 
ppm. 

Purity by HPLC: 96.52% at 254 nm; 97.68% at 320 nm; 96.71% at 280 nm. 

Compound 6. Compound 4 (1.2 g, 1.5 mmol) was stirred in 10 mL DCM/TFA (1/1) for 30 min at RT. 
Solvents were removed on rotary evaporator, the residue was dissolved in 3 mL DMF and 5 mL Et3N was 
added. Compound 3 (0.5 g, 0.7 mmol) in 5 mL DMF was added and the reaction was stirred at 50˚C 
overnight. The solvents were removed on rotary evaporator and the product was isolated by flash-
chromatography on silica gel with Hexane/EtOAc gradient. Yield: 1.2 g (95%). 

1H NMR (500 MHz, CDCl3): δ = 7.19 (m, 6H), 5.01 (m, 12H), 4.35 (s, 4H), 3.72 (s, 12H), 3.64 (s, 12H), 3.70-
3.25 (m, 12H), 3.14 – 2.78 (m, 18H), 2.37 (s, 9H), 2.39-2.25 (m, 8H), 2.20 (m, 4H), 1.97 (m, 4H), 1.45 (s, 
9H) ppm. 

13C NMR (100 MHz, CDCl3): δ = 173.05, 172.26, 162.68, 156.02, 153.99, 145.31, 135.72, 130.67, 130.19, 
129.61, 129.18, 62.30, 53.30, 52.44, 51.76, 47.64-46.05, 36.50, 35.72-34.60, 31.42, 29.92, 28.38, 27.39, 
20.84 ppm. 

HRMS: composition: C81H114N10O36Na; mass measured: 1825.7284; theor. mass: 1825.7289; delta: 0.3 
ppm. 

Purity by HPLC: 95.22% at 254 nm; 95.21% at 280 nm. 

Compound 7. Compound 6 (0.5 g, 0.28 mmol) was dissolved in 4 mL DCM/TFA (1/1) and stirred at RT for 
30 min. The solvents were removed on rotary evaporator and the residue was dissolved in 10 mL 
DMF/Et3N (3/2). Compound 1 (0.163 g, 0.33 mmol) was added and the mixture was stirred at 50˚C 
overnight. The solvents were removed on rotary evaporator and the product was isolated by flash-
chromatography on silica gel with EtOAc/MeOH gradient. Yield: 0.53 g (93%). 

1H NMR (500 MHz, CDCl3): δ = 7.77 (s, 1H), 7.16 (m, 7H), 6.33 (s, 1H), 5.31 (s, 4H), 5.00 (m, 12H), 4.34 (s, 
4H), 3.71 (s, 12H), 3.63 (s, 12H), 3.51 (s, 3H), 3.70-3.19 (m, 12H), 3.14 – 2.75 (m, 18H), 2.31 (s, 9H), 2.39-
2.25 (m, 8H), 2.17 (m, 4H), 1.96 (m, 4H) ppm. 
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13C NMR (100 MHz, CDCl3): δ = 173.03, 172.27, 160.29, 156.27, 155.87, 154.10, 153.80, 135.80, 130.52, 
130.04, 129.58, 129.20, 127.81, 112.57, 108.43, 103.89, 95.13,62.22, 56.68, 53.31, 52.43, 51.75, 47.64-
46.64, 35.69-34.47, 29.93, 27.35, 20.84 ppm. 

HRMS: composition: C89H115BrN10O40Na2; mass measured: 1044.3126; theor. mass: 1044.3120; delta: 0.6 
ppm. 

Purity by HPLC: 95.29% at 254 nm; 97.09% at 320 nm; 965.19% at 280 nm. 

G1. Compound 5 (0.29 g, 0.28 mmol) was reacted with TFA (1 mL) in DCM (1 mL) for 30 min. The 
solvents were removed on rotary evaporator. The residue was dissolved in 10 mL MeOH/H20 (10/1) and 
10 M NaOH (0.4 mL) was added. The reaction mixture was stirred at 0˚C for 10 hrs. After the reaction 
was completed, the solution was neutralized with 12 M HCl to pH 5. MeOH was removed on rotary 
evaporator and aqueous fraction was extracted with EtOAc. The product was purified by flash-
chromatography using C-18 column and H2O/MeOH gradient. Yield: 0.168 g (65%). 

1H NMR (500 MHz, CD3OD): δ = 7.87 (m, 1H), 7.22 (m, 2H), 6.84 (s, 1H), 6.25 (m, 1H), 5.35 (m, 2H), 4.98 
(s, 4H), 4.19 (m, 2H), 3.64-3.57 (m, 4H), 3.31-2.99 (m, 6H), 2.39 (t, J=5 Hz, 4H), 2.32 (s, 3H), 2.14 (m, 2H), 
1.87 (m, 2H). 

HRMS: composition: C37H41BrN4O19Na; mass measured: 947.1439; theor. mass: 947.144; delta: 0.2 ppm. 

Purity by HPLC: 97.21% at 254 nm; 97.36% at 320 nm; 97.71% at 280 nm. 

G2 was obtained from compound 7 (0.2 g, 0.098 mmol) according to the procedure described for G1 
above. Yield: 0.103 g (69%). 

1H NMR (500 MHz, DMSO-d6): δ = 7.86 (m, 1H), 7.19 (s, 7H), 6.91 (s, 1H), 6.14 (m, 1H), 5.28 (s, 2H), 4.92 
(s, 12H), 3.98 (m, 4H), 3.05-2.81 (m, 18H), 2.29 (s, 9H), 2.36 – 2.17 (m, 8H), 1.94 (m, 4H), 1.76 (m, 4H) 
ppm. 

HRMS: composition: C79H95BrN10O39Na2; mass measured: 966.2362; theor. mass: 966.2363; delta: 0.1 
ppm. 

Purity by HPLC: 98.31% at 254 nm; 98.78% at 320 nm; 97.73% at 280 nm. 

For G1 and G2, the 13C NMR spectra could not be acquired due to excessive peak broadening caused by 
hydrogen exchange. 
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Compound 2. 1H NMR (CDCl3, 500 MHz) 
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Compound 2. 13C NMR (CDCl3, 100 MHz) 
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G0. 1H NMR (CD3OD, 500 MHz) 
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Compound 4. 1H NMR (500 MHz, CDCl3) 
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Compound 4. 13C NMR (100 MHz, CDCl3) 
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Compound 5. 1H NMR (500 MHz, CDCl3) 
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Compound 5. 13C NMR (100 MHz, CDCl3) 

 

  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S12 
 

Compound 6. 1H NMR (500 MHz, CDCl3) 

 

  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S13 
 

Compound 6. 13C NMR (100 MHz, CDCl3) 
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Compound 7. 1H NMR (500 MHz, CDCl3) 
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Compound 7. 13C NMR (100 MHz, CDCl3) 
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G1. 1H NMR (500 MHz, CD3OD) 
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G2. 1H NMR (500 MHz, DMSO-d6) 
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Compound 2. HPLC trace (254 nm) 
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Compound 2. HPLC trace (280 nm) 
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Compound 2. HPLC trace (320 nm) 
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Compound 2. Integration of HPLC traces 
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Comound 4. HPLC trace (254 nm) 
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Compound 4. HPLC trace (280 nm) 
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Compound 4. Integration of HPLC traces. 
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Compound 5. HPLC trace (254 nm) 
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Coumpound 5. HPLC trace (280 nm) 
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Compound 5. HPLC trace (320 nm) 
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Compound 5. Integration of HPLC traces. 
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Compound 6. HPLC trace (254 nm) 
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Compound 6. HPLC trace (280 nm) 
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Compound 6. Integration of HPLC traces. 
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Compound 7. HPLC trace (254 nm) 
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Compound 7. HPLC trace (280 nm) 
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Compound 7. HPLC trace (320 nm) 
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Compound 7. Integration of HPLC traces. 
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G1. HPLC trace (254 nm) 
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G1. HPLC trace (280 nm) 

 

 

  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S38 
 

G1. HPLC trace (320 nm) 
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G1. Integration of HPLC traces. 
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G2. HPLC trace (254 nm) 
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G2. HPLC trace (280 nm) 
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G2. HPLC trace (320 nm) 
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G2. Integration of HPLC traces. 
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Control experiment to evaluate the influence of the byproducts of dendrimers’ degradation on the 
Amplex Red assay:  

Compounds 5 and 7 were treated with TFA in dry DCM for 30 min to remove the methoxymethyl 
protecting group (Scheme S1). The solvents were removed on rotary evaporator. The 1 mM solutions of 
G1-Me and G2-Me in acetonitrile/PBS pH 7.4 (1/2) were irradiated with NIR light for 30 min. After that, 
the irradiated and the non-irradiated control solutions were diluted to 3.5 μM (for G1-Me) and 1.75 μM 
(for G2-Me) with PBS pH 7.4 and incubated with 2 nM of L-glutamic acid at 37˚C for 96 hours before 
analysis using the Amplex Red assay. The amount of L-glutamic acid detected in the presence of both 
irradiated and non-irradiated solutions of G1-Me and G2-Me was the same as in the pristine solution of 
L-glutamic acid (Figure S1). The experiment was performed in triplicates. 

 

Scheme S1. Synthesis of G1-Me and G2-Me. 
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Figure S1. Detection of L-glutamic acid in the presence of G1-Me and G2-Me. 
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